Aging process of bitumen is one of the main obstacles, which limit the implementation of porous pavement. An aging process would cause a shorter service life of porous asphalt compared to the conventional hot mix asphalt mixture. The tendency rate of aging processes in porous asphalt is high due to the exposure of bitumen and aggregates binding in an open-graded structure that maximizes oxidation process to occur thus producing aged binder. In this respect to restore the original characteristics of pavement from aged bitumen, rejuvenation of bitumen binder offers an effective option. From the previous research, the performance of waste cooking oil (WCO) is investigated and indicated as one of rejuvenator agents for bitumen regeneration. Thus, this paper reviewed the novelty of the WCO, as an alternative natural rejuvenating agent for aged bitumen to a condition that resembles the original bitumen in the asphalt mixture.
INTRODUCTION
Porous asphalt pavement which is known as opengraded asphalt actually has the same structured layer as asphaltic concrete except for their wearing course. This type of pavement consists of coarse aggregate gradation with a relatively large nominal maximum aggregate size (NMAS) either 9.5 mm, 12.5 mm, 19 .0 mm or 25.4 mm and forming of 18-25% air-void content. Since the 1950s, this pavement is commonly used in a wearing surface as an innovative road surfacing technology where it is part of sustainable drainage systems [1] . According to the research done by Astebol et al. [2] , the implementation of porous asphalt could manage the water runoffs more systematically compared to the conventional pavement because of its interconnected voids. Besides, permeable pavement is implemented in order to mitigate the stormwater drainage problems, especially in parking or low traffic density areas. Figure 1 shows the water runoff infiltrate into porous asphalt and conventional pavement. The water will flow on the pavement surface of conventional pavement which can cause water ponding thus affecting road user safety especially during rainfall. Meanwhile, in porous asphalt, the runoff will penetrate into the pavement before it flow to the side drain. Therefore, porous asphalt may help to reduce the noise level, headlight glare and hydroplaning problems for the traffic safety purpose [3] . 
ISSUES IN POROUS ASPHALT PAVEMENT

Process of Aging
Besides, it could cause the stripping process between aggregate and bitumen when the bitumen hardens, thus may cause raveling problems. Exposion to the heat, ultraviolet (UV) light, and oxygen are factors of the aging process to occur in the pavement life cycle either during storage, mixing, transporting, lying, and service life [4] [5] [6] [7] . For porous asphalt, the aging process occurs faster than conventional mixtures due to the high porosity and air void that expose to the oxygen, resulting the reduction of strength and fatigue resistance performance. Hence, the performance of pavement service life will be affected where the service life of porous asphalt and conventional pavement are 10-12 years and 18 years respectively [8] . The full-scale road trials in United Kingdom [9] prove the service life of porous pavement is related to a binder hardening by using the penetration drops. Loss of coating adhesion between aggregates and bitumen is part of pavement distress called raveling which might affect the performance of porous asphalt [10] [11] [12] . This is because of the particle arrangement with open air void will increase the exposure rate and lead to the premature of the bitumen, thus making it brittle [13] .
Mechanism of Bitumen Aging Process
More than 110 million metric tons of bitumen are required in the bituminous pavement structure as an aggregate binder due to its specific characteristics. Besides, high cost was spent in highway construction, restoration, and preservation in order to control the aging process affects the storage, mixing, transportation, and pavement service life [14, 15] . For information, the main bitumen aging mechanism is the loss of volatiles and oxidation process and their rate of aging is affected by climate, aggregate, and its composition. Hence, the aged bitumen will become brittle and stiffer compared to fresh bitumen due to the changes of structure in maximum rate of the oxidation process. Cracking and surface raveling may occur due to the particle changes that lead to an adhesion loss which caused by the presence of moisture [16, 17] .
Consequently, the micro-cracks will be developed between the interface of aggregates and binder when the bitumen becomes brittle [16] . Then, it will allow the aging process to occur for the whole pavement life cycle and lifetime when then bitumen compositions were exposed to the air [17] . Bitumen can be divided into two phases which are solid and liquid, namely asphaltenes and maltenes respectively. During the bitumen aging process, asphaltenes will be increased, whereas maltenes which acts as a glue will be decreased. Thus, a brittle and stiffer pavement will affect the rigidity of pavement due to the imbalance of the ratio between asphaltenes and maltenes [18, 19] . The oxidation process has caused the failure of maltenes to bind the pavement structures together and as a result, the cost of restoration and preservation of bituminous pavement will increase due to the surface cracking or raveling [20] . It is recommended to introduce an effective way for a better restoration of asphaltenes and maltenes compositions by implementing WCO, a high maltenes proportion based modifier as a rejuvenator in the bitumen [21] . The rejuvenator should able to withstand the hardening and temperature susceptibility in order to achieve an acceptable bitumen [22] .
REJUVENATOR APPLICATION IN AGED BITUMEN
The rejuvenator can be defined as an ability of product in restoring the original properties during the aging process such as maintaining the original ratio of asphaltenes and maltenes in bitumen properties. It is used to mitigate the cracks production and govern the fines loss surface of pavement. According to the rejuvenating theory, the oxidized asphalt compositions should be added an acceptable proportion of rejuvenator in order to create a new asphalt binder and recover the aged bitumen performance [23] [24] [25] . In addition, rejuvenator of asphalt consist of anti-aging components, plasticizers, and certain additives to help in improving their performance in asphalt pavement [26] [27] [28] [29] . There are several methods can be used to reduce the pavement failures like surface raveling which are the application of fog seals, rejuvenator emulsions, and thin overlay technology [30] . Based on the researches done, WCO has proved its function as rejuvenator to enhance the similar characteristics of aged bitumen as fresh bitumen [31] . Moreover, WCO has a potential to increase the asphalt pavement lifetime for several years before reconstruction and as a result, the cost of annual pavement maintenance can be reduced. There are three beneficial reactions that were offered by asphalt rejuvenator emulsion, which are [30] :
a) The life cycle of pavement can be prolonged due to the increasing of penetration value and decreasing rate of binder viscosity at the surface pavement; b) Oxidation process can be decelerated by sealing the pavement to avoid the penetration of water and air, eventually reducing ravelling, stripping, and protecting the pavement more depth; c) The durability of bitumen in pavement can be increased due to the balancing chemical portions of asphalt binder
There are few guidelines for rejuvenator that must be followed include [30] : a) In order to balance and improve the ratio of maltenes and asphaltenes, the portions of maltenes should be in rejuvenator; b) Several bitumen tests such as viscosity, penetration, and abrasion loss need to be conducted for pavement durability evaluation; c) Penetration of bitumen into the pavement should be ensured in order to ease the fluxing or absorption chemical processes
Waste Cooking Oil (WCO) in Aged Bitumen
The grease wastes or non-edible oil, which is produced during the food production or cooking can be described as WCO. Mostly, the authorized companies obtain and collect WCO either from the restaurants, residential area, food industry, or recycling centers [32, 33] . This waste created a significant amount of challenges in the management of the oils, causing the disposal problems to happen as well as possibly contaminate the land and water resources. Thus, WCO should be used as a binder modifier or rejuvenator to soften the bitumen [34] due to its similarity in asphalt (maltenes) that contains unsaturated fatty acids. According to Kuang et al. [35] and Guern et al. [36] , a new binder from aged bitumen can be achieved by adding an oil that has low viscosity. Table 1 shows the chemical compositions in fresh, aged, and rejuvenated binder [21, 37] . Based on results in Table 1 , fresh bitumen comprise higher maltenes compared to asphaltenes components. Then, the value of maltenes decreases in aged bitumen during the oxidation process. The value of maltenes constituent increase when WCO is added in the bitumen and the process known as rejuvenation. WCO can be utilized as rejuvenator in aged binder due to its characteristic similar to original asphalt in the penetration result [38] [39] [40] . However, the use of rejuvenator in bitumen has its limitation in penetration which is less than 2 cm. In order to apply rejuvenator in asphalt binder efficiently, embedded capsule with rejuvenator is proposed and introduced [41] . 
Rejuvenator Encapsulation
The implementation of encapsulation rejuvenator inside a binder is an effective method to overcome its limitation [14] . The rejuvenator and asphalt will be mixed together and placed in a hard porous stone capsules to withstand the high temperatures, process of mixing and compaction, and pavement structures [42] . In addition, it can be assumed that its aging level will be reverted when the rejuvenator released the asphalt and the pavement service life also can be prolonged. Figure 2 shows the mechanism of rejuvenator capsule, which is divided into three sections; Point 1, Point 2, and Point 3. Point 1 shows the capsule is embedded in the pavement and need to withstand the traffic loads. During the several years of service, the asphalt will become stiffer and force will be distributed on the surface of capsules. At Point 2, the high loads from traffic and asphalt aging process will force the capsule to crack. Point 3 shows that the rejuvenator inside the capsule will come out due to the increasing rate of pressure in the capsule. Then, aged asphalt concrete will be softened by oil diffusion through the binder and the original property of bitumen will be restored when the rejuvenator is released. 
CONCLUSION
According to the previous studies done by researchers, aging process is a main problem that might affect the application of porous asphalt in highway construction. This process will occur when the bituminous binder oxidized which involves the two main components in bitumen matrix, named maltenes and asphaltenes. The aged bitumen can be achieved through the oxidation process and might cause the pavement failures include surface raveling and cracking. Therefore, waste cooking oil is introduced as a rejuvenator to restore the properties of aged binder. Besides, its performance, as a rejuvenating agent is proven by the results of maltenes and asphaltenes ratio in the mixtures.
